Two cDNA clones prepared from the virulent Miller strain of transmissible gastroenteritis virus (TGEV) were identified, and their nucleotide sequences were determined. The clones were nonoverlapping and located in the 5' region of the S glycoprotein gene. Their nucleotide and predicted amino acid sequences were compared with published sequences of the attenuated Purdue strain of TGEV and feline infectious peritonitis virus (FIPV). TGEV clone pE21 contained 381 bp of the S glycoprotein gene and had >98% nucleotide and amino acid sequence homology with Purdue TGEV and over 87% nucleotide and amino acid sequence homology with FIPV. TGEV clone pD24 contained 267 bp of the S glycoprotein gene. It had >98% nucleotide and amino acid sequence homology with Purdue TGEV but only 54% nucleotide sequence homology and 24% amino acid sequence homology with FIPV. A probe prepared from pD24 could differentiate TGEV from porcine respiratory coronavirus and other antigenically related coronaviruses, FIPV, feline enteric coronavirus, and canine coronavirus in a dot blot hybridization assay.
Coronaviruses are important pathogens in humans and animals. Several antigenic groups are categorized on the basis of results obtained by serology (17, 23) . Transmissible gastroenteritis virus (TGEV), feline infectious peritonitis virus (FIPV), feline enteric coronavirus (FECV), canine coronavirus (CCV), and human respiratory coronavirus (HCV-229E) are classified into one antigenic group (19, (22) (23) (24) . A second antigenic group contains murine hepatitis coronavirus, bovine coronavirus, hemagglutinating encephalomyelitis coronavirus of swine, human coronavirus (OC43), and rat coronavirus (23) .
TGEV causes a highly contagious gastrointestinal disease in swine. Severe diarrhea, vomiting, and high mortality in pigs under 2 weeks of age have been observed (19) . FIPV and FECV cause diseases in both domestic and wild felidae. FIPV usually causes a more severe disease, and cats infected with this virus usually die in 1 to 16 weeks (15) . Two coronaviruses, TGEV and CCV, can infect dogs, but only CCV causes a mild gastroenteritis in dogs (6, 11) . FIPV, TGEV, and CCV are closely related antigenically, and it was suggested that they may be host range mutants rather than different species (7) . Furthermore, a new coronavirus which infects the respiratory tract of pigs has recently been identified (13, 16) . Although the significance of the porcine respiratory coronavirus (PRCV) as a pathogen is not clear at this time, this virus is antigenically similar to TGEV and thus further complicates diagnosis of TGEV outbreaks (16) . Therefore, it is imperative to develop diagnostic procedures which can differentiate among antigenically related corona-viruses, especially between the porcine coronaviruses TGEV and PRCV.
The TGEV genome consists of single-stranded RNA of positive polarity which is polyadenylated and infectious (2) . The mRNAs encoded from this genome are arranged in a 3'-coterminal nested set. In this communication, the E2 glycoprotein of TGEV will be referred to as the S glycoprotein, which was suggested by the Coronavirus Study Group in 1989. Jacobs et al. (8) found that the amino acid sequence homology between TGEV and FIPV in the S glycoprotein gene was high (94%) except at the N-terminal portion of the sequence, for which they reported only 30% homology. The overall nucleotide sequence homology observed between the S glycoprotein gene of FIPV and the antigenically unrelated coronaviruses murine hepatitis virus and infectious bronchitis virus is relatively low (27%) (4). Furthermore, it was reported that the amino acid sequence homology between the S glycoproteins of TGEV and infectious bronchitis virus was only 32.3% (18) . Various sequence homologies among other coronavirus genes have also been reported (9, 10, 26) .
In this study, we describe the use of nucleic acid probes constructed from the S glycoprotein gene of the virulent Miller strain of TGEV for the differentiation of TGEV from PRCV and other antigenically related coronaviruses. A library of cDNA clones of the Miller strain of TGEV was prepared in our laboratory (1) . A TGEV (Miller strain)-specific clone, Hpa-1600, developed at the National Animal Disease Center, Ames, Iowa, contains 1,593 nucleotides at the 5' end of the S glycoprotein gene (25) . This clone was nick translated and used as a probe in a colony blot hybridization assay to screen the cDNA library for complementary sequences.
Two cDNA clones, pD24 and pE21, which were identified (14) . Nucleotide sequences of the two clones identified were nonoverlapping. Clone pD24 is 267 bp, while pE21 is 381 bp in length, and both are located on the 5' end of the S glycoprotein gene. Their nucleotide and predicted amino acid sequences were determined and compared with the sequences of the Hpa-1600 clone and the S genes of the attenuated Purdue strain of TGEV (18) and FIPV (8) ( Table  1 ). The nucleotide sequence homologies with FIPV were 54% for pD24, 87% for pE21, and 68% for Hpa-1600. Figure  1 shows the predicted amino acid sequence comparisons of clones pD24, pE21, and Hpa-1600 and FIPV at the N-terminal region of the S protein. Both pD24 and pE21 have 99% amino acid sequence homology with Hpa-1600. pD24 from amino acids 66 to 154 has a low homology (24%) with FIPV, but pE21 from amino acids 325 to 451 has a relatively high homology (88%) with FIPV. This observation is consistent with regions of high and low homology defined in a previous report which compared the sequences of the S glycoproteins of FIPV and the Purdue strain of TGEV (8) thawed, and the infected and mock-infected cell lysates were treated at 37°C for 45 min with 100 1ig of proteinase K per ml. After proteinase K treatment, the samples were extracted with phenol and chloroform, and the nucleic acids were precipitated in ethanol overnight at -20°C. Each nucleic acid pellet was suspended in 300 RI of sterile water, and an equal volume of SSC-formaldehyde solution that was two parts 37% formaldehyde and three parts 20x SSC (1 x SSC is 0.15 M NaCl plus 0.015 M sodium citrate) was added. After incubation of the samples at 65°C for 15 min, they were applied to a nylon membrane (Biotrans; ICN Biochemicals, Irvine, Calif.) by strong suction. Probes were prepared with a nick translation kit (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) from cDNA clones pE21, pD24, and Hpa-1600. The sensitivities and specificities of these probes for TGEV were previously determined (1) .
Probes pE21 and Hpa-1600 reacted with the antigenically related coronaviruses TGEV, PRCV, FIPV, FECV, and CCV under moderate-stringency conditions (50% formamide at 42°C) (Fig. 2) . The signals observed for FIPV (Fig. 2 , row 1, columns A and C) and CCV (Fig. 2, row 1 , columns B and D) were weak with probes Hpa-1600 and pE21 compared with those observed for FECV (Fig. 2, row 2 , columns A and C) and PRCV (Fig. 2, row 2, (Fig. 2) . The pE21 and Hpa-1600 probes did not hybridize to antigenically unrelated coronaviruses, which included porcine hemagglutinating encephalomyelitis virus and bovine coronavirus (1) . Similar results were reported with a 2.1-kb cDNA from the 3' end of the Purdue TGEV genome as a probe (21) .
Although the overall nucleotide sequence homology between Hpa-1600 and FIPV is only 68%, a defined region of relatively high nucleotide sequence homology (86%) from amino acids 275 to 533 exists. A 99% nucleotide sequence homology between Hpa-1600 and clone pE21 was observed. Clone pE21 also hybridizes with FIPV because it is located within this region of high sequence homology (amino acids 275 to 451) (Fig. 1) .
Clone pD24 hybridized to coronaviruses TGEV and CCV (Fig. 2, row 1, column F) but not to FIPV, FECV, and PRCV (Fig. 2, 1E , 2E, F) under moderate-stringency conditions (50% formamide at 42°C). The signal observed with CCV was very weak compared with that observed with TGEV by using this probe (Fig. 2) . Under higher-stringency conditions (50% formamide at 56°C), the pD24 probe hybridized to only TGEV (data not shown). The pD24 probe did not hybridize to uninfected ST, CrFK, and FCWF cells (Fig. 2, 
3E, F, 4E).
No hybridization between pD24 and FIPV was expected because of the low nucleotide sequence homology (54%). On tiating between TGEV and PRCV were developed (3, 5) . The dot blot hybridization assay using pE21 and pD24 as probes will provide an alternative method for diagnosis of TGEV infections and their differentiation from PRCV. A comparison of the hybridization assay with the monoclonal antibody-based assay is needed. The practicality of these assays will depend on their sensitivity and reliability in differentiating TGEV from PRCV in naturally infected swine.
Nucleotide sequence accession numbers. The sequence of clone pE21 has been assigned GenBank number A33140, and the sequence of pD24 has been assigned GenBank number B33140. 
